Introduction
The first ordered mesoporous silica synthesized by Kreste et al in 1992 [1] started a fast progress in the research field of novel porous inorganic oxides. Mesoporous materials having periodically organized porosity are candidates for applications in the field of catalysis, optics, photonics and sensors because of the increased surface area and nanocrystalline structure [2] [3] [4] .
For the synthesis of mesoporous ordered metal oxides, the combination of self-assembly procedure and inorganic chemistry is essential. Mainly chemical methods such as spray coating, meniscus coating, spin-coating, dip-coating, pulsed laser deposition [5] and electrochemical deposition [6] are used for the preparation of mesoporous metal oxides [7] .
Block copolymer templating with the combination of spin-coating or dip-coating offers a well controllable easy tool and allows tailoring the pore size and structure of mesoporous metal oxides [8, 9] . Block polymer templating by using nonionic surfactant can be divided into four main groups: precipitation method, liquid crystal templating, evaporation induced self assembly and nanocasting on previously formed mesoporous materials [8] . Pinnavaia et al. reported the preparation of mesoporous metal oxide using nonionic poly-ethylene oxide based copolymers [10] . The basis of this synthesis route is the precipitation of the metal precursor in oxide/hydroxide form and its H-bonding to the surfactant. The use of Pluronic type large block copolymers with the same method was reported by Zhao et al [11] for the preparation of highly ordered mesoporous silica. The other commonly used method is evaporation induced self assembly (EISA). The name derives from the preparation process where from a relatively dilute solution a highly ordered hybrid mesophase (this phase contains both the organic and inorganic substances before calcination) can be induced by the solvent evaporation. Periodically ordered mesoporous zirconia thin films and bulk oxides were prepared by EISA block copolymer templating method [12] [13] [14] [15] [16] [17] . In these thin films the hexagonally ordered structure tends to orient in the plane of the substrate mostly due to electrostatic, van der Waals or hydrophobic/hydrophilic attractions between the substrate and the surfactant [18] .
The interaction of the inorganic precursors with the organic template in the hybrid mesophase was not discussed in detail previously, although the structure of the mesoporous oxide strongly depends on such interactions. This article reports on the characterization of the hybrid mesophase formed by ZrOCl 2 ⋅8H 2 O and Brij 700 by FT-IR and Raman spectroscopic methods and presents the evidence for the possible intermolecular interactions between the two. In addition, super-hydrophilic mesoporous zirconium dioxide thin films will be shown to be formed after the calcination of the hybrid mesophase.
Experimental methods
Poly-ethylene oxide based block copolymer Brij 700 (C 18 H 37 (OCH 2 CH 2 ) 100 OH) was purchased from Aldrich with the average molecular weight of 4670 g mol -1 . Zirconium salt (oxychloride) was used as inorganic precursor. Reagent grade Zirconium(IV) oxychloride octahydrate was obtained from Riedel-de Haën. Ethanol and deionized water mixture was used for the preparation of the solutions in the 100-40 volume % ethanol.
The solutions for thin films were prepared by dissolving 0.2-50 mg ml -1 polymer in ethanol or ethanol-water mixture. The zirconium salt concentration was varied between 0.1-0.25 M in the solution. The solutions were aged for 0-2 weeks before the samples were prepared by spin coating. The thin layers were spin coated on silica or glass substrates at room temperature, 40-60 % relative humidity, rotation speed of 2000 rpm for 120 s using Specialty coating system, INC. spin coater. . The as prepared and calcined films were characterized using NT-MDT Solver P47 atomic force microscope in tapping mode. The X-ray diffraction measurements were conducted by Hubert G9670 powder diffraction equipment with germanium monochromator and CuKα1 radiation. The contact angles of the calcined samples were determined by home made set up using Digital video camera MDS 100. The 4000-400 cm −1 region of the FT-IR spectra was taken on the hybrid mesophase and the precursors as KBr discs using a Jasco FT/IR-600 Plus Spectrometer. The Raman spectra were measured with Bruker RFS 100/S FT-Raman spectrometer in the range of 3600-50 cm −1 using Nd: YAG-Laser at 1064 nm wavelength (200 mW).
Results and discussion
FT-IR and Raman Spectroscopy were done to determine the interaction at molecular level in the hybrid mesophase which is critical in understanding the formation mechanism of mesoporous zirconium oxide. First, organic Brij 700 was dissolved in pure ethanol and then ZrOCl 2 ⋅8H 2 O was added to the solution. Following the dissolution of the inorganic salt, 0-40 volume % water was introduced to the system. The solvent was then evaporated to form the hybrid mesophase. The same preparation steps were repeated for control samples which consisted only ZrOCl 2 ⋅8H 2 O or Brij 700.
FT-IR and Raman data of control samples were compared with that of the hybrid mesophase. Figure 1(a) represents two characteristic FT-IR spectra of the hybrid mesophase and Brij 700 after solvent evaporation in the range of 1400-700 cm -1 . The solvent was found not to affect the structure of the crystalline Brij 700. The characteristic bands were observed at the same positions as previously reported [19] . In accordance with the FT-IR results, the XRD measurements (Figure 2(a) ) showed the characteristic peaks of Brij 700 and the crystalline phases in the hybrid mesophase were identified as the mixture of mainly ZrOCl 2 ⋅8H 2 O and Brij 700. In the infrared spectrum, the hybrid mesophase shows all the bands characteristic for Brij 700 and ZrOCl 2 with very small to significant shifts with respect to the pure compounds. The decomposition of the Brij 700 in the hybrid mesophase and the oxide formation was followed by differential thermal analysis/thermogravimetric measurements (DTA/TG) coupled with mass spectroscopy. Figure 1(b) represents typical thermogravimetric and differential thermal analysis curves of the hybrid mesophase. All measurements showed three endothermic peaks in the DTA curves at the onset temperature of 50, 70 and 130 o C. The first peak is due to the melting of the polymer and did not correspond to any significant changes in the thermogravimetric data. The second and third peaks correspond to ~35% mass loss which is the removal of the water from ZrOCl 2 ⋅8H 2 O and from those absorbed into the mesophase in ambient atmosphere. This was confirmed by mass spectroscopic analysis of the gas phase as well. In addition to the endothermic peaks, two exothermic peaks appeared on the DTA curve when the temperature was further increased. The first exothermic peak starts at around 280 o C and corresponds to the decomposition of the Brij 700 to CO and CO 2 with ~30% mass loss. The small shoulder on this peak indicates heterogeneous polymer structures. The second exothermic peak starts at around 480 o C and can be attributed to the change of the amorphous structure to crystalline zirconium oxide. Based on these results, the calcination temperature of the hybrid mesophase was chosen to be 450 Besides the relative humidity, the percentage of water in the solvent mixture and the block copolymer concentration in the solution were the main factors which mostly influenced the pore structure of zirconium oxide. These factors were altered and optimized for the formation of mesoporous zirconium oxide. Figure 2 (b) represents one characteristic AFM image of the resulting mesoporous thin film having a thickness of 150 nm. The sample was prepared from 20 mg ml -1 Brij 700, 0.25 M ZrOCl 2 ⋅8H 2 O and the mixture of 80% ethanol 20% water solution and was calcined. The ordered 2D hexagonal structure oriented in the plane of the substrate [12, 18] . In Figure 2 Contact angle of water on conventional chemically stabilized tetragonal ZrO 2 is 50 o [20] . The successful introduction of mesoporosity decreased the water contact angle to 5 o due to well-known surface roughness effect and resulted in super-hydrophilic films [20] .
In summary, mesoporous tetragonal zirconium dioxide was successfully synthesized with ordered structure. The crystalline grain size of the layers was ~10-17 nm while the pore size was ~4-8 nm. 
